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Approval of the foregoiny rates is subject to the provisions of this
Contract and any Task Urders issued hereunder which limit, to the amount
of a stated estimated cost, the oblipgetion of the Government tc reimburse
the Contractor for costs incurred.

Plesse indiceate your scceptance by executing and returning the ori.-
inal and one copy of this Amendment. Retain the third copy for your files.

Very truly yours,

Contracting Officer

BY

Duly Autborized Representative

ACKNOWLEDGED AND ACCEPTED:
THIS DAY OF 1058

BY
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1. Introduction

This dotument serves as a clarificztion of [:::Prop0$al No. 915908.8: 25X1
", Study and Experimental Investigation of Elsctrophotographic Techniques.?
Together, these two documents describe 2 program to increase (photographic)
image perceptibility. The proposed efforts include elementis oﬂ[:::]Proposaz 25X1
No, 64034-B: "Development of a Modulated-Light Film Viewing Table and
Further Study of Modulated-Light Film Viewing Systems."

The prototype modulated-light filw viewing table is not included in

this program; because understands that the proposal for its development

is being evaluated separately. Certair other elements of proposal No.
64034-B are omiited because of funding limitations.

Section 2 discusses briefly the nature of the program and its relstion.
ship with the long range objectiives.

Section 3 is a consolidated statement of the work.

Section L is a deseription of the experimental procedure to implement
the work statement of the electrophotographic techniques program.

Section 5 contains some supplementary information concerning the
utility of the proposed electronic approach to photographic image modifi-

cation,
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2. Definition of Program Elecments

Based upon its understanding of the subject, the 25X1

believes that a comprehensive

program to improve (photographic) image percepitibility might consist of:

1) An investigation of informaticn transfer processes,

2) An investigation of pertinent image properties.

3) Experimental modification of properties,

i) Evaluation of results.

[::::::::] proposed program concentrates on steps 3 and L. The com-
prehensive program would begin with an investigation of information transfer
processes affecting image perceptibility., This study. necessarily thecre-
tical and subjective in approach, should increase knowledge of the processes
involved in the transfer of information from an image to a human vieway.
The next step would be an analytical investigation of those properties
and characteristics (of the entire imaging system) which--as a result of
the first step--seem t affect image perceptibility. The subjects of
this study would include, for example, image sharpness, contrast, and
modulation transfer function.

The third step of a comprehensive program would be concerned with the
application of results of steps 1 and 2, Experimental modification of per-
tinent properties of the imaging system {including the photographic receord
end viewing equipment) shoul& lead to improved image perceptibility. The
final step should provide for evaluation of the experimental resulia.

[:::::::]has already parformed valuable paris of the overall effort.
Under Goverumeut sponsorship, members o? the Division recently completed
& study of modulated-light filwm viewing systems. A Company-sponsored

investigation of electrophotographic techniques has yielded improved
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Ranger, Nimbus, TIROS, and lenar photographs. Botnh programs, in a pur~
posely limited sense, have demongirated the {easibility of techuiques for
jmproving image percevtibility.

The two programs led directly to[:::]Propesal Ho., 6LO3L=B: "Develsp-
ment of a Modulated-Light Film Viewing Table and Further Study of Modulated-

Light Film Viewing Systems," 23 Dacember 196l [subsequently modified by

[::::}vaosal No. 915031-4); and[:::]Prﬁpgsal Mo, 915908-B: "4 Study and

Experimental Investigation of Electrophotographic Techniques,” 2L Mareh
1965 (essentially modified herein). Most of the previously proposed offoris
are now incorporated into a single program of proposed study and develop-
ment of techniques and equipment to improve image perceptibility.

This new program again forms only a part of the comprehensivs program
discussed above, Limited resources prevent [::::::]from proposing full
investigatlons of all pertinent information transfer processes and iwmage
properties, The suggested expsrimental efforts are limited to modification
of only some system properties; these are discusssd below., It should be
stated here that the Division considers this to be a preferred approach
to the subject. In byief, photographic “de-biurping® has been achieved
for csrtain photographs with limited equipment in 2 many-step procedurs.
Further demonstration of the electrophotographic technigues (utilizing
improved equipment) is indicated. The inherent advantages of an electronic
approach (e.g., rapid processing) point 4o "braadboard” development of
electronic equipment. The results of this project can then be evaluated
in terms of image perceptibility. This should lead to a beiter under-
standing of the procesges and properiies involved.

Given a photographic record {i.e.. a wegative or transparency),
rodification of image (system) properties may occur during replication
cr viewing. That is, the image may be processed before it is viewed,

or while it is belng viewed, or both. Contact or magnified versions of the
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image may be employed, separately or in cascade, during replication or

viewing. (Rear-projection viewers are examplies of magnifying viewers, )

25X1 |:|Proposal No, 6403L=B {with its amendment, Propasal o, 25X1

915031-A) applies to image modification during viewing, The proposed
efforts include: construction of a protoiype wmodulated-lighv film viewey
(contact viewer), study and development of modulsted-light projection
viewers (magnifying viewer), and study and development of a smallearsa

(absolute) contrast-stretch system (also contact viewing).

25X1 Proposal No. 915908-B applies to image modification during

replication, The proposed efforts inciuvde: further study and development

of electrophotographic "de-blurring" techniques (contact or magnified

processing), and study and development of electronic technigues and equip-

ment to achieve enhanced high-freguency contrast, ete. in real or near-real

time (also contact or magnified processing). In addition; this latter

proposal inéluded development of a frequency analyzer.

In the light of detailed Government{:::]discnssions and considevations, 25X1

‘ a clarified program objective and work statement ave presented below. This

single program, which incorporates mest of the above tasks in & necessarily

lirited effort to improve image perceptibility, shouid yield useful results,
among which are:

1) demonstrations of effectivensss of "de-blurring" for a wider

range of pictures than has presently been demonstrated.

2) demonstrations of the feasibility of providing the facility of
"de~blurring" techniques in & matiter of seconds - and thus of
great'use to operational photo interpreters,

3) demonetrations of feasibility of other (as yet to be discovered)

techniques of improving perceptibility.
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3. Statement of Proposed Work

The objective of the program will be iz improvement of the perceptibiliy
of images. This field of endeavor is very broad and can include work in optice.
photography, electronics, physiology, psychology, and other related disciplines.

To attempt an attack on the problems from all fronts simultaneously would toc

severely dilute a limited initial effort. Consequently proposes the follewiﬁ%5)(1

program of initial experimentation and development, whieci: is within the capabilitics
of the personnel and facilities available for the program. The tasks to be
performed are those which| | feels will be of bemefit to the customer by
providing useful kmowledge, useful equipment, and a sound experimental program
for acquiring of data to refine the underlying theories. The resuvlts obtainei?
will lead to useful expansions or extensions of the work in Zhe future.
: It should be noted that a proposal has been subtmitied for devel opment of
a prototype modulated-light film-viewing table. This equipment is within the
field of improvement of image perceptibility, but the proposal for iis dewvelooment
igs to be considered separately from this proposal.
The present proposal comprises a program of work in the following areas:
A, Modification of photographic images.
(1) by electro-photographic techniques
{2) by electronic techniques
B. Modified viewing of images witnh modulated-1light rear-projection viewer.

C. Image spatial frequency analyzer.

A1) The electrophotographic technigues study will be principally an

experimental effori, based on the techniques developed at |and applied to 25X1

moon photographs and others, to dstermine the effectiveness of these and

similar techniques when applied to photographic samples %c be supplied by the

customer,
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It is expected that the customer will particlpate throughout the progrem
by comparative evaluation of procsssed and original photographs. In this
manner those techniques which have utility to the customer can be pursued.
Some of the specific objectives of the proposed investigation will be as
follows:

(1) Investigation of density/transmittance requirements as a function

of subject-matter content and image sige.

(2) Partial suppression of densities around imsge elements for increase
of image fidelity.

(3) Maintenance of continuous tonal contrast to the extent that, when
image magnification is used, graininess is not apparent to the
observer,

(L) Comparison.of the original and final images in terms of the
observer's eye response and the measured values obtained.

(5) Determination of fidelity-ratio response and fidelity-defect
factor betwsen the original and final trsnsparsncies for several
types of shape and image structures. These will he used to evaluate
image corraction.

The proposed investigation would comprise the following seven tasis:
Task I - Material and Equipment Procurement ang Equipment Setup

This task involves the obtaining of materials and hardware necesgary Lo

the evaluation, the establistment of siandards for the evaluation setup, and

the calibration of the equipment.

Tagk TJI - Evaluation of Customer-Supplied Transparencies for Qualification

Meagurements

This task comprises an anelysis of the origlnsl transparencies in terms of:

(a) Density distribution

(v) Shape and structure of images
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(c) Linear resolving power

(d) Spacing of details

Task TIT - Evaluation of Film Types for Pesitive/Negative Correlation
This task involves the following individual efforts:
(a) Processing and evaluation of film types
(b) Orouping of film types in accordance with applications
(¢) Preliminary experimental application
(d) Establishing density-relationship controls
(e) Experimental sampling of eye response to established
density-relationship controls
(£) Preliminary correlation of eye response with density distribution

in transparencies and with transmitted-light distribution
Task IV - Test and Debugging of Intensity-Modulated Light Source
Task V - Experimental Application of Electrophotographic Techniques
Tagk VI - Analysis and Evaluation of Results

Taak VII - Documentation

A(2) The objective of the electronic techniques program will be t¢ use Lhe
flexibility of electronic signal processing in combination with the high
resolution capability of photographic copying to provide high resolution
photographic images modified so as to increase image perceptibility. A further
goal is the auiomatibn of the process so as to provide, eventually, high speacd,
high capacity equipment.

The initial tasks to be undertaken are as follows:

(1) The characteristics of electronic signal filters, limiters, thresholders,

and amplifiers will be investigated and reviewed in terms of the

processing system requirements.
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25X1 (2) will design and bulld a feasibility demonstration model

incorporating the electrophotoy: wihic teechniques.
(3) Operation at spatial fregquencies greater than 200 cycles/mm will
be the goal.
(L4) Problems of raster registration will be studied and the best
practical 11ﬁits will be sought.
(5) Evaluation will be made of the effects of variation of high-freguencs
passband, threshold level, and pulse shape on the subjective appearsice

' of various types of images including those supplied by the customer.

B. Modulated-light rear-projection viswer

25X1 will make feasibility studies of the application of modulated-light

technlques to rear projection viewers. The resulte will be reported, and if

warranted, recommendations for eguipment development willi be madse,

C. Spatial Frequency Analyser
The objéctive is to develop equipment which will permit rapid analysis
of the qpatial frequencies present in photographs., Bacause of similarity of
‘ some of the équipment required for this effort to that requirsd for A(?) above,
the following is predicated upon this work being conducted in addition to thai
of A(2),
(1) The breadboard equipment described in Section III will be modified
to permit experimental demonsiration of the spatial freduency analyser .
(2) Circuitry to pemmit sutomatic compensation for the modulation
transfer function of the anslyzing spot will be investigated and
incorporated, if fqund to be tractable,
(3) Spatial frequency response greaier than‘SOO cycies/m will be the

goal. It is expected that this goal will be met.

Approved For Release 2004/11/30 : CIA-RDP78B04770A000300050001-4



Approved For Release 2004/11/30 : CIA-RDP78B04770A000300050001-4

(L) Limited studies of the "frequency sirnature” mode of operatinr will
be conducted if requested v iz cusiomer,

(5) Recommendations for equipment development wiil be furnisned, if the
above experiments show that the techniques developed have practicsal

value.
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Note 1: Expeoted delivery of dryer, film, combination sink, and micro photometer,
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and contact printer,

Expected delivery of micro copy camera and CRT,
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Experimental Program in Electrophotosranhic . zhnique Development

The basic hypothesis is that an 3% “~ an image is preceivable when:

(1) Both the background's and the object's brightnesses sre within
the range of sensitivity of the viewing instrument.

(2) The brightness of the object is sufficiently different from that
of the local background as to be distinguishable by the viewing
instrument.,

(3) The change in brightness (in spatial dimension) from background
to object is sufficiently abrupt as to define an "edge",

(1) The extent (spatial dimension) of the object is angularly
resolvable by the viewing instrument,

On this basis, then, the gemeral description of the experiment’s

program can be said to be

A) Select appropriste numerical values so as to maeke the qualitative

hypotﬁesis above, quantitative,

B) Test the hypothesis in specific cases by:

1) Visually examining a photo to bs de-blurred to locate an
indistinct objéet representative of the size of objectz of
interest.

2) Make quantitative measurements in the local neighborhood
of this object to determine its apparent size and brightness
and sharpness as well as thé brightness and the variation
of the background.

3) ¥odify the demsities in this local area so as to satisfy
the quantitative 1im1ﬁs of the hypothesis,

h) Subjectively test for improvement in perceptibility by a
photointerpreter,
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As in most experimemtal programs, the work necessary to take ¢are of
peripheral problems is much more than {hat addressed to the problem of interest.
It is the same in this case.

We must calibrate the viewing sensor. In this case we will restrict
ourselves to considering only the combination of the standard light box
and the human eye. This will be calibrated by: the use of test gratings
at several O0.T.C. steps (object target contrast). This will serve to
determdne.contrast perception at several brightness leveléo The subject
matter of some of the gratings will be cubes, spheres, and cores as well
as squares, discs, and triangles at several contrast and brightness levels,

Aﬁother area that will require a great% deal of attention is that of
the choice of film to be used in making the modified photo. Since the film
characteristics of interest here are not always supplied by the manufactursrs.
candidate types of film will be examined by:

1) Density range and the number of density steps. This is essential

for the use of thresholding and cascading effects.

2) The measure of granularity gives resolution at three C.T.C. (object
target contrast) levels.

3) The effect on density range and number of density steps by changing
the gamm# (chemical) and by changing the light intensity while
keeping the exposure time increment constant.

Having considered the peripheral problems we can address the main
problem. Here again there are complications. The "acutanee® is commonly
used as a measure of "sharpness"., However there is an interaction between
this and the granvlarity of the film, Measurements of both will be mede in

order to establish, within the limits of our interesi, an empericsl relationship.
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In addition there will be measurements wmade of:
1) Density for the purpose of defining the originel acutsnce level
over mest of the original {ilm,

2) Resolution so as to determine whether the limits ave defined oy

the type of film used or by the method of photograghy,

3) Photometric measurements om the light box so as vo determine

brightness relationships prior to modifiecation,

L) Isodensitometric traces around specific subject wsiter which ave

at or near the threshold level of observation,
will be made on the original photograph.

Since it is suspected that there will be velationships between
measures, they will be systematically recorded (together with other data
of the original photo, such as formet size, gevneral tone. and subject
matter). These data will normally be examined by eye, 50 Lo speak. in
order to identify trends. Whenever a trend is suspected, the dets will
then be subjected to more critical (though fundemental) statistics:
analyses.

Having examined the measures made of the original photo. the changes
a3 required to satisfy the hypothesis will bhe determined.

The changes will them be implemented by choosing the appropriaise
film and programming the modulated iight source. The modified piciurs
will then be measured as before to determine the extent to whieh the
desired changes were realized.

Then the modified picture will be examined by light box and eves o

determine the appropriateness of the change.
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V. Additiongl Infoxrmation on Eleétromic Tecaniouss

The following is supplementary irfornavion sbout the proposed
processes in the electronic approach to modificaticn of photographic images.
The principal purposes are twofold.

1) Reduce low frequency contrast, thereby producing a relative

increase of the high frequency componentis.

2) Absolute increase of contrast in ths high frequeney components.
That these effects will occur may be seen with the aid of Figures 1 and 2.

{ which show the effects of application of, respectively, negutive low spatial
frequency, and positive high spaiial frequency modulated illumination during
the process of replication of a photographic image. The two prccesses may
be made to occur simaltaneously if degired, by addition of the proper
electronic signals which form the input {0 the iight moduletoy.,

Modulated-light coplers are available from several menufactursrs
which are unsuitable for high resolution copying, and do not pgermit modi-

fication of the high spatial frequency slements of aerial photographic

25X1 images, believes that the proposed system, which uses contact printing
{

with a2 very small spot light source; will have the capability for high
regolution reproduction, and modulation at high, as well as Jow spatial
frequenciss., The multiple light sources proposed. which permit open-loop
operation, will permit absolute contrast enhancement under stable conditions,
which the existing equipment cannot provide, It is expected that the proposcd
feasibility breadboard equipment will serve as a basis for high quality,

high volume, automatic dodging printers, and also for more specialized image

medification equipment.
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